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PHOSPHOR AND MANUFACTURING
METHOD FOR THE SAME, AND LIGHT
SOURCE

This 1s a Division of application Ser. No. 12/292,889, filed
Nov. 28, 2008, 1ssued as U.S. Pat. No. 7,476,338, on Sep. 28,
2010, which 1s a Division of application Ser. No. 11/211,751
filed Aug. 26, 2005, 1ssued as U.S. Pat. No. 7,476,338, on Jan.

13, 2009, which claims priority to Japanese Patent Applica-
tion Nos. 2004-248405 filed Aug. 277, 2004 and 2005-105126

filed Mar. 31, 2005. The entire disclosures of the prior appli-
cations are hereby incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a phosphor used 1n a dis-
play such as a cathode-ray tube (CRT), a field emission dis-
play (FED), and a plasma display (PDP), and an 1llumination
device such as a fluorescent lamp and a fluorescent display
tube, and a backing light source for liquid crystal display, and
a method of manufacturing therefore, and also to the light
source using the phosphor.

BACKGROUND ART

At present, a white LED i1llumination has been focused as
the 1llumination of the next generation. Conventionally, a
discharge type fluorescent lamp and an incandescent bulb
used as an 1llumination device involve problems that a harm-
tul substance such as mercury 1s contained, life span 1s short,
and heat generation 1s violent. However, 1n recent years, a
high luminance LED emitting light 1n a region of blue color
and near ultraviolet/ultraviolet, which 1s required for the
white LED illumination, has been developed sequentially.
Also, study and development have been actively performed
on using the white LED 1llumination as the illumination of the
next generation.

At present, two systems of the white LED illumination are
proposed. As one of them, a multi chip type system 1s given,
in which three primary colors of high luminance red LED, a
high luminance blue LED, a igh luminance green LED, are
used. As the other of them, one chip system, which has been
developed 1n recent years, 1s given, 1n which LED such as a
high luminance ultraviolet LED and a high luminance blue
LED, and the phosphor excited by the light having an emis-
s10n spectrum with a peak 1n the range from ultraviolet to blue
color generated from the LED are combined.

When the atorementioned two systems are compared, the
one chip type system has a preferable characteristic as the
light source for 1llumination, such that since 1t 1s constituted
by combining an LED and the p. 1osph0r it can be small-sized,
and the light guide for mixing the emission 1s simplified, and
in addition, the drive voltage, the optical output, and the
temperature characteristic of each LED are not required to be
taken into consideration, thus realizing cost reduction. Fur-
ther, by using the phosphor having a broad emission spec-
trum, the white emission spectrum 1s approximated the spec-
trum of the sun-light, and the color rendering properties are
possibly improved. This contributes to focusing on the one
chip type system as the illumination of the next generation,
compared with the multi chip type system.

Further two systems are generally considered for the one
chuip-type white LED illumination 1n which the high lumi-
nance LED and the phosphor are combined. In one of them,
the blue LED with high luminance and the phosphor emitting,
yellow color by being excited by blue light generated from the
LED are combined, and white color 1s obtained by using a
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2

complementary relation between the blue emission of the
LED and vyellow emission of the phosphor. In the other of
them, the LED emitting near ultraviolet/ultraviolet light, the
phosphor emitting red (R) color, the phosphor emitting green
(G) color, and the phosphor emitting blue (B) color by being,
excited by the near ultraviolet/ultraviolet light generated from

the LED are combined, and the white light 1s obtained by
mixing the colors of the lights obtained from the phosphors of

R, G, B and other phosphor.

As the white LED illumination combining the high lumi-
nance blue LED and the phosphor emitting yellow color
excited by the blue light generated from the LED, the white

LED combining the high luminance blue LED and a yellow
phosphor (Y, Gd),(Al, Ga).0,,:Ce (expressed as YAG:Ce) 1s
proposed. Such a white LED has an advantage that by using
the complementary relation between the blue light and the
yellow light, the kind of the phosphor to be used may be
reduced, compared to the system 1n which near ultraviolet/
ultraviolet LED 1s used. Further, the yellow phosphor YAG:
Ce to be used has an excitation spectrum with a peak near the
wavelength of 460 nm of emission from the blue LED,
thereby emitting light with high efficiency, and the white LED
of high luminance can thereby be obtained.

In the latter one chip-type white LED, white color 1s
obtained by mixing the colors of the emission from the phos-
phors such as R, G, B and so forth, by combining the LED
emitting the near ultraviolet/ultraviolet light, the each phos-
phor emitting red (R), green (G), blue (B) colors excited by
the near ultraviolet/ultraviolet light generated from the LED.
A method of obtaining the white emission by mixing the
emission such as the R, GG, B 1s characterized 1n that an
arbitrary emission color in addition to the white light can be
obtained by controlling a combination and a mixing ratio of
the R, G, B and also the white emission with excellent color
rendering properties 1s obtained by the relation in a mixed
state of colors notusing the complementary relation but using,
the R, G, B. Then, as the phosphor used for such an applica-

tion, examples are given such as Y,O,S:Fu, La,0O,S:Fu,
3.5Mg0.0.5MgF,.GeO,:Mn, (La, Mn Sm)20 S.Ga,04:E

for the red phosphor, ZnS Cu,Al, SrAl,O,:Eu, BAM:Eu, Mn
Ba,S10,:Eu for the green phosphor, and BAM Eu, Sr.(PO,)
LCl:Eu, ZnS: Ag, (Sr, Ca, Ba, Mg),,(PO,).Cl,:Eu for the blue
phosphor.

However, in the former white LED 1llumination formed by
combining the high luminance blue LED and the yellow
phosphor (YAG:Ce), the light emission 1n the longer wave-
length side of a visible light region 1s insuilicient, resulting 1n
a bluish white light emission. Then, a red emission spectrum
in the vicinity of the wavelength range from 600 nm to 700 nm
1s 1nsullicient, thereby making it impossible to obtain a
slightly reddish white light emission like a lamp bulb, to pose
a problem of deteriorated color rendering properties. Further,
in regards to an excitation range of the yellow phosphor
YAG:Ce, although having an excitation band with highest
eificiency 1n the vicinity of 460 nm wavelength, the yellow
phosphor YAG Ce does not have the excitation band with
excellent e 1c1ency in a broad range. Therefore, by the varia-
tion 1n emission wavelength due to the variation in the light
emitting element during manufacturing the blue LED, the
emission wavelength of the blue LED 1s deviated from an
optimal excitation range of the YAG:Ce-based yellow phos-
phor, resulting 1n a situation of losing a wavelength balance of
blue color and yellow color. When such a situation occurs,
there 1s the problem that the color tone of the white light
obtained by synthesizing the blue light and the yellow light 1s
changed.
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In addition, In the latter white LED illumination formed by
combining the near ultraviolet/ultraviolet LED and phos-
phors of R, GG, B and so forth, an excitation efliciency and an
emission etficiency of the red phosphor and so forth 1s lower
compared with the phosphor of other colors 1n an excitation
range of the near ultraviolet/ultraviolet region. Theretfore, the
combination of the R, (G, B and so forth has no other choice
but increase the mixing ratio of only the red phosphor. This
causes an insuilicient mixing ratio of the phosphor such as the
green phosphor improving the luminance, and the white color
with high luminance can not be obtained. Further, the red
phosphor according to the conventional technique has a sharp
emission spectrum, thereby involving the problem that the
colorrendering properties of the white light obtained 1s unsat-
1sfactory.

In order to solve the aforementioned problem, it 1s neces-
sary to obtain the phosphor having the emission spectrum
with a broad peak 1n the range from yellow color to red color
(580 nm to 680 nm), and having an excellent excitation band
in the longer wavelength side 1n the range from a near ultra-
violet/ultraviolet as an excitation light to a visible light (250
nm to 550 nm). Recently, the phosphors are proposed such as
an oxynitride glass phosphor capable of obtaining a broad
emission peak in the range of yellow color to red color (for
example, see patent document 1), a sialon-based phosphor
(for example, see patent documents 2 and 3), and the phos-
phor containing nitrogen such as silicon nitride-based phos-
phor (for example, see patent documents 4 and 35), The phos-
phor containing nitrogen as described above has a larger ratio
of convalent bonds, compared with the oxide-based phos-
phor, and therefore has an excellent excitation band even in
the light of 400 nm or more wavelength. Therefore, the phos-
phor containing the nitrogen 1s focused as a phosphor for a
white LED illumination.

The inventors of the present invention also propose the
phosphor having the emission spectrum with an excellent
excitation band 1n the wavelength range from the near ultra-
violet/ultraviolet to visible light (250 nm to 530 nm) and a
broad peak in the range from yellow color to red color (580
nm to 680 nm), and containing nitrogen (Japanese Patent
Application No. 2004-55536).

(Patent document 1) Japanese Patent Laid Open No. 2001 -

214162
(Patent document 2) Japanese Patent Laid Open No. 2003-

336059
(Patent document 3) Japanese Patent Laid Open No. 2003-

124527
(Patent document 4) Japanese Patent Laid Open No. 2003-

515655
(Patent document 5) Japanese Patent Laid Open No. 2003-

277746

However, although the phosphor proposed by the inventors
of the present invention 1s improved in the point of having the
emission spectrum with a broad peak in the range from yellow
color to red color (380 nm to 680 nm) and an excellent
excitation band 1n the longer wavelength side 1n the range
from a near ultraviolet/ultraviolet as an excitation light to a
visible light (250 nm to 550 nm), the problem i1s 1nvolved
therein such that the emission 1ntensity 1s not a satisfactory
level. Therefore, even when the white LED illumination 1s
manufactured by combining the near ultraviolet/ultraviolet
LED and the blue LED, the mixing ratio of only red phosphor
must be increased, thereby making the green phosphor or the
like isuificient to improve the luminance, and 1n some cases,
a high luminance white color can not be obtained.

Theretfore, the inventors of the present invention prepare
samples of various phosphors, while pursuing the cause of not
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4

obtaining a sufficient emission intensity in the phosphor, and
come to an understanding that a melting point of the raw
material to be used 1s high, thereby making it difficult to

progress a solid reaction, resulting in a non-uniform reaction.

SUMMARY OF THE INVENTION

In view of the above-described problem, the present inven-
tion 1s provided, and an object of the present mvention 1s to
provide a phosphor having an emission spectrum with a broad
peak 1 a range from yellow color to red color (380 nm to 680
nm) and an excellent excitation band 1n a longer wavelength
side, and improved 1n an emission intensity.

One of other object of the present invention 1s to provide a
manufacturing method of the phosphor having the emission
spectrum with a broad peak 1n the range from yellow color to
red color (380 nm to 680 nm) and the excellent excitation
band in the longer wavelength side 1n the range from a near
ultraviolet/ultraviolet as an excitation light to a visible light
(250 nm to 550 nm), and capable of improving the emission
intensity.

The other object of the present invention 1s to provide a
light source using the phosphor having the emission spectrum
with a broad peak 1n the range from yellow color to red color
(3580 nm to 680 nm) and the excellent excitation band 1n the
longer wavelength side 1n the range from a near ultraviolet/
ultraviolet as an excitation light to a visible light (250 nm to
550 nm), and capable of improving the emission intensity.

The mventors of the present invention further study on the
phosphor to accelerate a progress of the solid reaction and
realize a uniform reaction, and come to the understanding that
boron and/or tluorine must be contained in the phosphor, and
further come to the understanding that the content of an
clement Fe 1n the phosphor must be decreased.

Therefore the present mvention takes several aspects as
follows.

In a first aspect, a phosphor 1s provided, which 1s given by
a general composition formula expressed by MmAaD-
dOoNn:Z, (wherein element M 1s at least one kind of element
having bivalent valency, element A 1s at least one kind of
clement having tervalent valency selected from the group
consisting of Al, Ga, In, T1, Y, Sc, P, As, Sb, and Bi1, element
D 1s at least one kind of element having tetravalent valency, O

1s oxygen, N 1s nitrogen, and element Z 1s at least one kind of
clement selected from rare earth elements or transitional
metal elements, satistying m>0, a>0, b>0, 0=0, and n=2/3
m+a+4/3b-2/30), and further contaiming boron and/or fluo-
rine.

In a second aspect, the phosphor according to the first
aspect 1s provided, wherein a content of the boron 1s not less
than 0.001 wt %, and not more than 3.0 wt %.

In a third aspect, the phosphor according to either of the
first or second aspect 1s provided, wherein the content of the
fluorine 1s not less than 0.1 wt %, and not more than 3.0 wt %.

In a fourth aspect, the phosphor according to any one of the
first aspect to third aspect 1s provided, wherein the values of
the m, a, b are set so as to satisty m=a=b=1, and 0=0.

In a fifth aspect, the phosphor according to any one of the
first to fourth aspects 1s provided, wherein the element M 1s at
least one kind of element selected from the group consisting
of Mg, Ca, Sr, Ba, and Zn, the element A 1s at least one kind
of element selected from the group consisting of Al and Ga,
the element D 1s S1 and/or Ge, and the element 7 1s at least one
kind of element selected from the rare earth elements and the
transitional metal elements.
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In a sixth aspect, the phosphor according to any one of the
first to fifth aspects 1s provided, wherein the element M 1s Ca,
the element A 1s Al, the element D 1s Si1, and the element Z 1s
Eu.

In a seventh aspect, the phosphor according to any one of
the first to sixth aspects 1s provided, wherein the content of the
clement Fe 1s smaller than 200 ppm.

In an eighth aspect, the phosphor according to any one of
the first to seventh aspect 1s provided, wherein the phosphor 1s
in a powdery state.

In a minth aspect, the phosphor according to the eighth
aspect 1s provided, wherein an average particle size of the
phosphor 1s not more than 20 um and not less than 0.1 um.

In a tenth aspect, the phosphor according to the eighth
aspect 1s provided, wherein a specific surface area of the
phosphor powder is not more than 50 m*/g and not less than
0.1 m/g.

In an eleventh aspect, a manufacturing method of the phos-
phor having the structure according to any one of the first to
tenth aspects 1s provided, comprising:

welghing and mixing a compound containing the element
M, the compound containing the element A, and the com-
pound containing the element Z or a stmple substance of the
clement 7, and a boron compound and/or a fluorine com-
pound, to obtain a mixture;

firing the mixture, to obtain a fired object; and

pulverizing the fired object, to obtain the phosphor.

In a twellith aspect, the manufacturing method of the phos-
phor according to the eleventh aspect 1s provided, wherein the
compound contaiming the element M, the compound contain-
ing the element A, the compound containing the element D,
and the compound containing the element Z or a simple
substance of the element Z, and to the boron compound
contaiming 100 ppm or less content of Fe and/or fluorine
compound contaiming 100 ppm or less content of Fe are used.

In a thirteenth aspect, the manufacturing method of the
phosphor according to the twelith aspect is provided, wherein
as a compound containing the element M, the nitride of the
Group II expressed by the general formula M, N, containing
100 ppm or less of element Fe (wherein the element M 1s at
least one kind of element selected from the group consisting
of Mg, Ca, Sr, Ba, and Zn.) 1s used.

In a fourteenth aspect, the manufacturing method of the
phosphor according to the thirteenth aspect 1s provided,
wherein the nitride of the Group Il element manufactured by
nitriding a simple substance of 2N or more containing 100
ppm or less Fe 1s used, in a nitrogen atmosphere or 1n an
ammonia atmosphere at the temperature of 300° C. or more.

In a fifteenth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to fourteenth
aspects 1s provided, wherein AIN having an average particle
s1ze o1 0.1 um to 5.0 um 1s used as the compound containing,
the element A, and S1;N, having the average particle size of
0.1 um to 5.0 um 1s used as the compound containing the
clement D.

In a sixteenth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to fifteenth
aspects 1s provided, wherein the boron compound 1s BN and/
or H,BO,.

In a seventeenth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to fifteenth
aspects 1s provided, wherein the fluorine compound 1s CaF,
and/or AlF,.

In an eighteenth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to seventeenth
aspects 1s provided, wherein any one of the nitrogen atmo-
sphere, the ammonia atmosphere, a mixed gas atmosphere of
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nitrogen and hydrogen, and the mixed gas atmosphere of the
nitrogen and ammonia 1s used, 1n the step of obtaining a fired
object by firing the mixture.

In a mineteenth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to seventeenth
aspects 1s provided, wherein a nitrogen gas of 80% or more
concentration 1s used, as an atmosphere gas during firing, 1n
the step of obtaining the fired object by firing the mixture.

In a twentieth aspect, the manufacturing method of the
phosphor according to any one of the eleventh to nineteenth
aspects 1s provided, wherein the mixture is fired while venti-
lating the atmosphere gas at the rate 01 0.01 L/min or more, 1n
the step of obtaining the fired object by firing the mixture.

In a twenty-first aspect, the manufacturing method of the
phosphor according to any one of the eleventh to twentieth
aspect 1s provided, wherein the temperature 1s set at not less
than 1200° C. and not more than 1600° C. during firing, 1n the
step of obtaining the fired object by firing the mixture.

In a twenty-second aspect, the manufacturing method of
the phosphor according to any one of the eleventh to twenty-
first aspect 1s provided, wherein a pressurizing state of the
atmosphere gas during {iring 1s set at not less than 0.001 MPa
and not more than 0.1 MPa.

In the twenty-third aspect, a light source 1s provided, com-
prising the phosphor according to any one of the first to tenth
aspects, and a light emitting part.

In a twenty-fourth aspect, the light source according to the
twenty-third aspect 1s provided, wherein a wavelength range
of light emitted from the light emitting part 1s 250 nm to 550
nm.

In a twenty-fifth aspect, the light source according to either
of the twenty-third aspect or the twenty-fourth aspect 1s pro-
vided, wherein an LED (light emitting diode) 1s used as the
light emitting part.

According to the phosphor of any one of the first to tenth
aspects, the phosphor expressed by the composition formula
MmAaDdOoNn:7Z (wherein the element M 1s at least one
kind of element having bivalent valency, the element A 1s at
least one kind of element having tervalent valency selected
from the group consisting of Al, Ga, In, T1, Y, Sc, P, As, Sbh,
and Bi, the element D 1s at least one kind of element having
tetravalent valency, O 1s oxygen, N 1s nitrogen, and the ele-
ment 7 1s at least one kind of element selected from the rare
carth elements or the transitional elements, further satistying
m>0, a>0, b>0, n2/3 m+a+4/3b-2/30) has excellent emission
characteristics that a peak wavelength of the light emission 1s
in the range from 580 nm to 680 nm and the emission spec-
trum has a halt value width of 50 nm or more, and further has
excitation band characteristics of having the emission spec-
trum with a flat and high efficient excitation band 1n a broad
wavelength range from the ultraviolet to the visible light
(wavelength range from 250 nm to 550 nm).

In addition, since the phosphor contains the boron and/or
fluorine, a producing temperature of a liquid phase generated
during firing 1s decreased, and the solid reaction 1s uniformly
progressed. Therelore, the emission intensity of the phosphor
can be improved.

Further, when the phosphor contains not less than 0.001 wt
% and not more than 3.0 wt % of boron, and contains not less
than 0.1 wt % and not more than 3.0 wt % of fluorine, the
producing temperature of the liquid phase generated during
firing 1s decreased, and the solid reaction 1s more uniformly
progressed, and 1n addition, a violent sintering can be sup-
pressed. Therefore, the emission efliciency of the phosphor
can be further improved.

The phosphor according to any one of the eighth aspect to
tenth aspect 1s 1n a powdery state, and therefore coating and




US 8,308,981 B2

7

filling of the phosphor can be easily performed. Further, since
the average particle size of the phosphor powder 1s not more
than 20 um and not less than 0.1 um, and the specific surface
area is not more than 50 m*/g and not less than 0.1 m~/g, the
emission efficiency can be improved.

According to the manufacturing method of the phosphor of
any one of the eleventh to twenty-second aspects, by adding
the boron compound such as BN and H;BO; as an additive
agent other than the raw material of the phosphor, the pro-
ducing temperature of the liquid phase generated 1n the pro-
cess of the solid phase reaction 1s decreased, and the phosphor
having an 1mproved emission eificiency can be manufac-
tured.

Also, by adding the fluorine compound such as CaF, and
AlF, as the additive agent other than the raw material of the
phosphor, the producing temperature of the liquid phase gen-
erated 1n the process of the solid phase reaction can be
decreased, and the phosphor having the improved efficiency
can be manufactured.

According to the manufacturing method of the phosphor of
the fifteenth aspect, by using AIN and S1;N, with average
particle size (D50) from 0.1 um to 10.0 um, the phosphor with
particle size suitable for coating and filling, and further suit-
able for improving the emission intensity can be manufac-
tured.

According to the manufacturing method of the phosphor of
the twentieth aspect, the phosphor capable of suppressing
adsorption of the oxygen during firing and decreasing the
oxygen concentration of the phosphor and having suitable
particle size for improving the emission intensity can be
manufactured.

The light source according to anyone of the twenty-third to
twenty-fifth aspects emits light, having the excitation band in
a predetermined broad wavelength range (250 nm to 550 nm)
of the light emitted from the light emitting part (correspond-
ing to LED according to the twenty-fifth aspect). Therefore,
by combining the atorementioned phosphors and the light
emitting part, the light source with high emission efliciency
emitting the visible light or the white light can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram showing a boron content and emission
characteristics or the like 1n Ca, o4 AISIN,:Eu, 4,5, which 1s
an example of a phosphor according to the present invention.

FIG. 2 1s a graph showing the relation between the boron
content and a relative emission intensity in the phosphor of
FIG. 1.

FIG. 3 1s a diagram showing a fluorine content and the
emission characteristics or the like 1n Ca, 54 AISIN;:Eug, o <.
which 1s an example of a phosphor according to the present
invention.

FI1G. 4 1s a graph showing the relation between the fluorine
content and the relative emission mtensity in the phosphor of
FIG. 3.

FIG. 5 1s an emission spectrum of the phosphor according
to an example and a comparative example of the present
invention.

FI1G. 6 1s a graph showing Fe concentration and the relative
emission intensity according to the example and the compara-
tive example of the present invention.

L1
=y

ERRED

DESCRIPTION OF THE PR
EMBODIMENT

Hereaftter, preferred embodiments of the present invention
will be explained.
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The preferred embodiments of the present invention pro-
vide a phosphor having an emission spectrum with a broad
peak of 50 nm or more half value width 1n a range from yellow
color to red color (380 nm to 680 nm) and a flat and highly
eificient excitation band, which 1s the range from the near
ultraviolet/ultraviolet as an excitation light to visible light
(250 nm to 550 nm) on the longer wavelength side, and
turther capable of obtaining an excellent emission 1ntensity
by containing boron and/or fluorine 1n the phosphor, and a
manufacturing method therefore.

In the phosphor having not less than 0.001 wt % and not
more than 3.0 wt % of boron content, excellent emission
characteristics can be obtained. The boron content 15 more
preferably 1n the range from 0.05 wt % to 2.0 wt %, and
turther preferably 1n the range from 0.15 wt % to 0.35 wt %.
Although a detailed reason 1s not clarified, generally nitride
has a high melting point, and hardly generates a liquid phase
during solid reaction. Therefore, 1n many cases, the reaction
does not progress smoothly. However, in the phosphor con-
taining the boron, the producing temperature of the liquid
phase 1s decreased and the liquid phase 1s easily generated,
thereby accelerating the reaction, further making the solid
reaction uniformly progress, and the phosphor having the
excellent emission characteristic can be obtained.

When the boron content 1s not more than 3.0 wt %, sinter-
ing does not become violent, thereby not reducing the emis-
s1on characteristic in a pulverizing process. Further, when not
more than 3.0 wt % of boron 1s contained, a matrix structure
exhibiting an excellent emission intensity can be maintained,
and this 1s considered to be preferable. Also, when the boron
content 1s not less than 0.001 wt %, the liquid phase 1s suili-
ciently produced, and a desired effect can be obtained.

Also, inthe phosphor having the fluorine content ofnotless
than 0.1 wt % and not more than 3.0 wt %, the excellent
emission intensity can be obtained. More preferably, the fluo-
rine content 1s in the range from 0.01 wt % to 2.0 wt %.
Detailed reasons are not clarified. However, the cause 1s also
considered as follows. A lot of nitrides have generally high
melting points, thereby hardly generating the liquid phase
during the solid reaction, preventing the reaction from pro-
gressing. Meanwhile, 1n the fluorine content, 1in the same way
as the case of the boron content, the producing temperature of
the liquid phase 1s decreased, thereby easily generating the
liquid phase, accelerating the reaction, and further making the
solid reaction uniformly progress, and the phosphor having
the excellent emission characteristic can be obtained.

When the fluorine content 1s not more than 3.0 wt %, the
sintering does not become violent and the emission charac-
teristic 1s not reduced 1n the pulverizing process. Therelore,
the desired effect can be obtained. Further, when the fluorine
content 1s not more than 3.0 wt %, an impurity phase not
contributing to the light emission 1s not generated, thereby not
inviting a reduction in the emission characteristic, and this 1s
considered to be preferable. Also, when the fluorine content 1s
not less than 0.1 wt %, the liquid phase 1s suificiently gener-
ated, and the desired effect can be obtained.

In the phosphor of this example, 1t 1s satisfactory to have
cases such as not only the case in which the boron and the
fluorine are singly contained respectively, but also the case 1n
which not less than 0.001 wt % and not more than 3.0 wt % of
boron, and not less than 0.1 wt % and not more than 3.0 wt %
of fluorine are contained.

Also, the phosphor according to this example 1s expressed
by the composition formula MmAaDdOoNn:7Z. Here, the
clement M 1s at least one kind of element having bivalent
valency, the element A 1s at least one kind of element having
tervalent valency selected from the group consisting of Al,
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(Ga, In, TLY, Sc, P, As, Sh, and B1, the element D 1s at least one
kind of element having tetravalent valency, O 1s oxygen, N 1s
nitrogen, and element 7 i1s at least one kind of element
selected from rare earth elements or transitional metal ele-
ments.

Further, when the phosphor of the composition formula
MmAaDdOoNn:Z has a chemically stable composition, the
impurity phase not contributing to the light emission 1s hardly
generated in the phosphor, thus suppressing the deterioration
in the emission characteristic to realize a preferable structure.
Therefore, 1n order to obtain a chemically stable composition
ol the phosphor, preferably the phosphor satisfies the relation
expressed by m>0, a>0, b>0, 0=0, n-2/3 m+a+4/3b-2/30,
and further preferably the relation of m, a, and b satisfies
m/(a+b)=1/2, in the aforementioned composition formula
MmAaDdOoNn: 7.

Further, 1n the phosphor having the composition of the
alforementioned composition formula MmAaDdOoNn:Z, the
clement M 1s the element having + bivalent valency, the
clement A 1s the element having + tervalent valency, the
clement D the element having + tetravalent valency, oxygen is
the element having — bivalent valency, and mitrogen 1s the
clement having — tervalent valency. Therefore, when m, a, b,
and n satisiy the composition expressed by n=2/3 m+a+4/3b—
2/30, the valency of each element 1s added to be zero, thus
preferably realizing a further stable compound 1n the compo-
sition of the phosphor. Particularly, when the relation of m, a,
b, and n satisfies m:a:b:n=1:1:1:3 (and 0=0), the phosphor
having excellent emission characteristic and excitation band
characteristic 1s obtained.

In any case, a slight deviation of the composition from the
alorementioned composition formula showing the composi-
tion of the phosphor of the present invention 1s allowable. For
example, the phosphor prepared satisiying m:a:b:n=1:1:1:3
does not basically contain oxygen. However, the aloremen-
tioned phosphor sometimes contains the oxygen. The oxygen
in this case 1s considered to be the oxygen 1nitially contained
in the raw material and the oxygen adhered to the surface of
the raw material, and the oxygen mixed in resulting from the
oxidization of the surface of the raw material during mixing
and firing the raw materials, and the oxygen adsorbed on the
surface of the phosphor after firing. As a result, 1n some cases,
the oxygen o1 3.0 wt % or less 1s contained with respect to the
mass ol the phosphor. However, preferably the oxygen con-
tent of the phosphor has an upper limait set at the aforemen-
tioned 3.0 wt %, thereby being set at not more than this upper
limait value.

Preferably, the element M 1s at least at least one kind of
clement selected from the group consisting of Be, Mg, Ca, Sr,
Ba, Zn, Cd, and Hg, further preferably is at least one kind of
clement selected from the group consisting of Mg, Ca, Sr, Ba,
and Zn, and most preferably 1s Ca.

Preferably the element A 1s at least at least one kind of
clement having tervalent valency selected from the group
consisting of Al, Ga, In, T1, Y, Sc, P, As, Sb, and Bi, further
preferably 1s at least one kind of element selected from Al and
(Ga, and most preferably 1s Al. Out of these elements, Al 1s
casily available at a low cost, with small environmental load,
and preferable. Particularly, AIN, which 1s a nitride, 1s used as
a thermoelectric material and a structural material generally
used.

Preferably, the element D 1s at least one kind of element
having tetravalent valency selected from the group consisting,
of C, S1, Ge, Sn, T1, Hf, Mo, W, Cr, Pb, and Zr, further
preferably 1s S1 and/or Ge, and most preferably 1s S1. Out of
these elements, S11s easily available at a low cost, with small
environmental load, and preferable. Particularly, Si;N,,
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which 1s a nitride, 1s used as the thermoelectric material and
the structural material generally used.

Preferably, the element Z 1s at least one kind of element
selected from the rare earth elements and the transitional
metal elements. However, 1n order to exhibit an excellent
color rendering property 1n an 1llumination device and a light
emitting device using the phosphor, preferably the light emis-
s10n of the phosphor has the emission spectrum with a broad
half value width. Then, from this viewpoint, the element Z 1s
preferably at least at least one kind of element selected from
the group consisting of Eu, Mn, Sm, and Ce. Out of these
clements, when Eu 1s used as the element Z, the phosphor
exhibits a high emission efficiency in the range from orange
color to red color, and the spectrum with a broad half value
width of 50 nm or more can be obtained. Therefore, Eu 1s
more preferable as the activator of the phosphor used in the
1llumination device and the light emitting device.

Incidentally, in accordance with the kind of the element Z
substituting a part of the element M of the composition of the
phosphor, the phosphor having the light emission with differ-
ent wavelength can be obtained.

When the phosphor 1s expressed by MmAalDdOoNn:Z,
preferably the amount of the element Z to be added 1s 1n such
a range as satisiying the molar ratio of the element M to the
clement 7, z/(m+z), being 1n the range from 0.0001 to 0.5.
When the molar ratio z/(m+z) of the element M and the
activator Z 1s within the aforementioned range, the deteriora-
tion 1n the emission efficiency resulting from the concentra-
tion quenching due to an excessive content of the activator can
be avoided, and meanwhile, the deterioration 1n the emission
eificiency resulting from insuificient emission contributing
atoms due to too little content of the activator can also be
avoided. In addition, more preferably the value of the afore-
mentioned z/(m+z) 1s 1 the range from 0.005 to 0.1. How-
ever, an optimal value of the aforementioned z/(m+z) is
slightly fluctuated by the kind of the activator Z and the kind
of the element M. Further, by controlling the amount of the
activator 7Z to be added also, the peak wavelength of the
emission spectrum of the phosphor can be set by shifting,
which 1s useful for adjusting the luminance.

When the phosphor of this example 1s used in the form of
a powder, 1t 1s preferable to set the average particle size (D30)
of the phosphor powder at not more than 20 um. This 1s
because by setting the average particle size (the average par-
ticle size 1n this mnvention refers to a median diameter (1250).)
at not more than 20 um, and further preferably set at not less
than 3 um and not more than 15 um, the surface area per unit
weight of the powder can be secured, and the deterioration in
the luminance can be avoided, because the light emission in
the phosphor powder 1s considered to occur on the surface of
the particle. Further, the powder 1s formed into paste, and
when the paste thus formed 1s applied to the light emitting
clement or the like also, the density of the powder can be
heightened, and from this viewpoint also, the deterioration in
the luminance can be avoided. In addition, according to the
study of the inventors of the present ivention, although a
detailed reason 1s not clanfied, it was found that preferably
the average particle size was larger than 0.1 um from the
viewpoint of the emission efliciency of the phosphor powder.
As described above, the average particle size of the phosphor
powder 1n this example 1s preferably setatnotless than 0.1 um
and not more than 20 um.

When the phosphor of this example 1s manufactured, as the
raw materials of the element M (+ bivalent valency), the
clement A (+ tervalent valency), and the element D (+ tetrava-
lent valency), the nitride and oxide of each of them and the
compound of any one of them may be used. For example, the
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nitride (M;N,) and the oxide (MO) of the element M, and the
nitride (AN, D;N,) of the element A and the element D may
be used and mixed. Then, by controlling the blending ratio of
both of the nitride and the oxide, an amount of oxygen and an
amount ol nitrogen 1n the phosphor can be controlled, without
changing the value of m. Of course, the nitride and the oxide
are not limited to the compound obtained by combining with
only oxygen and the compound obtained by combining with
only nitrogen, but for example, refers to the compound having
the oxygen and the element, such as carbonate acid salt and
oxalic acid salt, which are decomposed to become substan-
tially oxide during firing, and the nitride also refers to the
compound having the element and the nitrogen.

However, for convenience of explanation hereunder, as the
compound having the aforementioned element and the oxy-
gen, and as the compound having the aforementioned element
and the mitrogen, by way of example, the oxide of the afore-
mentioned element and the nitride of the aforementioned
clement will be explained, respectively.

For example, when the raw materials are measured under
the condition of 0=0, m=a=b=1, each raw material may be
weighed at the molar ratio of M,N,:AN:D;N_=1:3:1. Fur-
ther, 1n this condition, when the element 7 1s the element
having bivalent valency, the element Z substitute a part of the
element M. Therefore, in consideration of this substitution,
preferably the phosphor 1s expressed by MmAaDbNn:Zz,
satistying (m+z)=a=b=1. The chemically stable composition
ol the phosphor 1s thereby obtained.

Further, in this example, 1t was found that the emission
characteristic was 1improved by adding a boron compound
and a fluorine compound as additive agents. In this case, the
boron compound, such as BN, H,BO;, B,O., B,O;, and
BCl,, may be added to obtain not more than 3.0 wt % of the
boronin the sample after firing, and out of these elements, BN
and H,BO, are preferable. Such boron compounds may be
mixed for use. The boron compound has high thermal con-
ductivity. Therefore, by adding the boron compound to the
raw material, a uniform temperature distribution of the raw
material during firing 1s obtained, and it 1s estimated that the
emission characteristic 1s improved to accelerate the solid
phase reaction. The boron compound can be added to the raw
material 1n such a manner that 1t 1s added together with the raw
materials during mixing so as to be mixed therein.

Also, preferably the fluorine compound, such as CaF,,
AlF ., EuF,, EuF; 1s added to obtain not more than 3.0 wt % of
fluorine 1n the sample after firing. Such fluorine compounds
have low melting points compared to those of raw matenals,
AIN and S1,N,, thereby easily generating a liquid phase.
Theretfore, by covering the surface of the surface of the par-
ticle of the raw matenial, 1t appears that diffusion of atoms can
be accelerated, and the emission characteristic 1s thereby
improved. Moreover, the fluorine compound obtained by
combining the fluorine and calcium, the fluorine and alumi-
num, and the fluorine and europium 1s preferably added to the
phosphor in which the element M 1s Ca, the element A 1s Al,
the element D 1s S1, and the element Z 1s Fu, because the same
clement 1s contained therein as the element having the afore-
mentioned composition formula. Such fluorine compounds
may also be mixed for use.

Amounts of the boron and the fluorine to be added to such
raw materials, and contents of the boron and fluorine after
firing are not always matched. This 1s because some of the
boron and the fluorine 1s flown during firing, and therefore the
content thereol becomes smaller than that at the time of
addition of the raw materials, or a slight amount of boron and
fluorine 1s contained in each raw material also, and therefore
the content thereof becomes larger than that at the time of
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adding the raw materials. Note that for convenience of expla-
nation, the oxygen 1n the composition formula 1s omitted in
the explanation given hereunder.

Next, the manufacturing method of the phosphor in this
example will be explained, with manufacture of
Ca, o5 AISIN;:Eu, 4,54 gIven as an example.

Each nitride raw material of the element M, the element A,
and the element D may be a commercially available raw
material. However, higher purity 1s more preferable, and
therefore preferably the nitride raw material of 2N or more,
and more preferably 3N or more 1s prepared. Further, 1t
becomes possible to prepare the phosphor with excellent
emission elliciency, by using the raw material having not
more than 100 ppm of element Fe contained therein, as the
nitride raw material of each element.

Here, explanation will be given to a case where the nitride
raw material having the element Fe of not more than 100 ppm
1s used.

The mitride of the element M, such as conventionally avail-
able Ca;N, contains the element Fe of about 250 ppm.

Therefore, preferably the nitride raw material of the ele-
ment M of the phosphor according to the present mnvention 1s
used, which 1s manufactured by the following method, for
example.

First, a simple substance of the element M of 2N or more
and having the content of the element Fe of 100 ppm or less 1s
prepared. Some of simple substances of the alkali-earth metal
have o1l films on the surface which are stuck during storage.
Therefore, the surface of the simple substance of alkali-earth
metal 1s washed with organic solvent 1n an inert gas atmo-
sphere. The metal body thus washed 1s heated and mitrided at
the temperature of 300° C. or more 1n the atmosphere of
nitrogen or ammonia, to thereby manufacture the nitride.
Preferably, a vessel or a crucible used at the time of nitriding
1s the vessel having a small content of the element Fe, and
specifically a BN crucible with high purity 1s preferable. Also,
preferably a heating temperature for nitriding 1s not less than
700° C., because the nitriding 1s accelerated by a higher
temperature. The nitride of the element M thus obtained may
be pulverized to not more than 100 um degree of particle for
use.

The nitride of the element A and the nitride of the element
D are also obtained by nitriding the metal element 1n the same
method. However, 1n regards to the nitride of the element A,
such as AIN, even the conventionally available one has the
content of the element Fe of about 10 ppm or less, and there-
fore such a nitride of the element A may be used.

Also, 1 regards to the nitride of the element D, such as
S1, N, the conventionally available one has the content of the
clement Fe of about 350 ppm or less, and therefore such a
nitride of the element D may also be used.

Next, the particle size and shape of each nitride raw mate-
rial will be explained.

It 1s preferable to prepare the nitride raw material having
the particle size and shape approximated the particle size and
shape desired for the phosphor finally obtained. As described
above, the average particle size desired for the phosphor 1s
preferably from 0.1 um to 20.0 um, and more preferably from
3.0 um to 15.0 um. Therefore, from the viewpoint of control-
ling the particle size of the phosphor powder after firing, 1t 1s
preferable to set the average particle size of each raw material
at 0.1 um to 5.0 um. Here, although 1t 1s preferable to set the
average particle size of all the raw materials at 0.1 um to 5.0
um, the phosphor having the excellent emission characteristic
can be manufactured by using at least AIN and S1,N, having
the aforementioned particle size, because AIN and S1,N,
mainly form the matrix structure and have high melting tem-
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perature. When the raw material has the average particle size
ol not less than 0.1 um, such a raw material 1s hardly sintered
and the emission 1ntensity 1s not decreased in a pulverizing
process after finng. In addition, a umform reaction 1s
obtained, in case of the raw material of not more than 20.0 um,
and this 1s preferable. Similarly, average sizes of the raw
material of the element Z as will be describe hereunder and
the raw material of an additive are also preferably set at 0.1
um to 20.0 um, and more preferably set at 1.0 um to 5.0 um.

The raw material of the element Z may also be the conven-
tionally available nitride raw material or the oxide raw mate-
rial. In this case also, the higher purity i1s preferable, and
therefore the raw material of the element Z 1s preferably set at
not less than 2N, and more preferably set at not less than 3N,
and the raw material thus set1s prepared. Note that the oxygen
contained 1n the oxide raw matenal 1s also supplied to the
composition of the phosphor, and therefore 1t 1s preferable to
consider the oxygen supply amount when examining the
blending ratio of the raw materials such as the aforemen-
tioned element M, element A, and element D. Then, when the
oxygen 15 desired to be contained 1n the composition of the
phosphors as less as possible, a simple substance of the ele-
ment Z or the nitride of the element Z may be used as the raw
material.

The raw material of the additive may also be the conven-
tionally available boron compound or the fluorine compound.
In this case also, the higher purity 1s preferable, and therefore
the raw material of the additive 1s also preferably set at not
less than 2N, and more preferably set at not less than 3N, and
the raw matenal thus set 1s prepared.

In the manufacture of Ca,oq;AlSIN;:Eu, 65, 101
example, as the nitride of the element M, the element A, and
the element D, Ca,N,(2N), AIN(3N), and S1,N_,(3N) may be
prepared, respectively. As the element 7, Eu,O,(3N) 1s pre-
pared and as the additive, the boron compound and/or fluorine
compound are prepared.

These raw materials are weighed to obtain the mixing ratio
010.985/3 mol o1 Ca,N,, 1 mol of AIN, 1/3 mol of S1;N_, and
0.015/2 mol of Eu,0,, so that the molar ratio of each element
1s expressed by Ca:Al:S1:Eu=0.985:1:1:0.015. Further, an
arbitrary amount of the additive 1s also weighed and mixed.

In order to prevent the oxidization of the nitride, 1.¢. the raw
materal, 1t 1s convenient to perform the weighing and mixing
in a glove box under the inert atmosphere. Moreover, the
nitride raw material of each element 1s liable to be atfected by
oxygen and moisture. Therefore, preferably the inert gas from
which the oxygen and the moisture are suiliciently removed 1s
used. When the nitride raw material 1s used, a dry type mixing,
1s preferable as a mixing system to obviate a decomposition of
the raw material, and a usual dry type mixing system using a
ball mill and a mortar may be selected. Note that when the
organic solvent capable of preventing the decomposition of
the raw material 1s used, a wet type mixing 1s also selected.
Further, from the viewpoint of reducing the content of the
clement Fe, 1t 1s also preferable to use the solvent not con-
taining the element Fe as the solvent containing the afore-
mentioned organic solvent, 1in order to prevent mix-in of the
clement Fe during mixing.

The raw material thus mixed 1s put 1n a crucible, retained in
any one of the gas atmosphere such as 1nert atmosphere of
nitrogen or the like, ammonia atmosphere, mixed gas atmo-
sphere of mtrogen and hydrogen, and mixed gas atmosphere
of nitrogen and ammonia at 1000° C. or more, preferably at

1200° C. or more and 1600° C. or less, further preferably at
1400° C. or more and 1600° C. or less, for more than 30
minutes and preferably for 3 hours or more, and fired, with the
inside of the furnace pressurized. The higher the firing tem-
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perature 1s, the more rapidly the reaction 1s progressed, and
the retaining time 1s therefore shortened. Meanwhile, even
when the firing temperature 1s low, the target emission char-
acteristic can be obtained by maintaining the temperature for
a long time. However, the longer the firing time 1s or the
higher the firing temperature 1s, the more rapidly a particle
growth 1s advanced, and the particle size becomes therefore
large. Theretore, the firing time and the temperature may be
set 1n accordance with the target particle size.

In the manufacture of the nitride phosphor, 1t 1s preferable
to take a method of preventing the mix-in of the oxygen over
the entire processes. First, the oxygen 1n the raw material and
the oxygen stuck to the crucible or the like are taken into
consideration as a factor of the mix-in of the oxygen. There-
fore, the oxygen thus mixed-in needs to be reduced. However,
it 1s hardly possible to remove all the oxygen. Therelore, by
selecting the high temperature reductive gas atmosphere as
the gas atmosphere for firing the raw material, the oxygen
accompanying the decomposition and nitriding of the raw
material can be removed. After studying on the reducing
method of the remaining amount of the oxygen 1n the phos-
phor aiter firing, the inventors of the present invention found
that during firing, there was a possibility that the oxygen stuck
to the raw material such as Eu, O, 1s released from the outside
of a raw material crystal and combined with the crystal phase
of the phosphor, and came to the system of ventilating the
atmosphere gas during firing, to prevent the oxygen from
combining to the crystal phase of the phosphor. Then, the
result is obtained, such that less amount of oxygen 1s mixed-in
in the phosphor manufactured by ventilating the atmosphere
gas compared with the phosphor manufactured without ven-
tilating the atmosphere gas, and the emission characteristic of
the phosphor could be improved. Then, it 1s effective to con-
tinuously ventilate the gas atmosphere after initial period of
firing, at a ventilation amount of 0.01 ml/min or more. How-
ever, more preferably the gas ventilation amount i1s 0.1
ml/min or more, and most preferably 1.0 L/min or more.

In the same way as the aforementioned atmosphere gas, the
gas for ventilation may be any one of the mert gas such as
nitrogen, the ammonia gas, the mixed gas of the nitrogen and
the hydrogen, and the mixed gas of the nitrogen and the
ammonia. However, an oxidization reaction of the phosphor
occurs, when the oxygen 1s contained therein, and therefore
preferably the oxygen or the moisture mixed-in as an impurity
1s 100 ppm or less. In addition, when the mixed gas of the
nitrogen and other gas 1s used from the viewpoint of smoothly
accelerating a nitriding reaction of the phosphor, 1t 1s prefer-
able to set the concentration of nitrogen in the mixed gas at
30% or more.

The pressure in the furnace is preferably set in a pressur-
1zed state, after preventing the oxygen 1n the atmospheric air
from mixing-in the furnace, and when the pressure 1n the
furnace is set at 0.5 MPa (5.0 kgf/cm?) or less, the phosphor
having a sufficiently satisfactory characteristic can be
obtained.

From the viewpoint of requiring a special pressure resis-
tance 1n terms of designing a furnace facility when the pres-
sure exceeds 0.1 MPa (1.0 kgf/cm?), and from the viewpoint
of suppressing an excessive acceleration of firing that occurs
between phosphor powders and facilitating the pulverizing
alter firing, the pressure 1s preferably set at 0.001 MPa (0.01
kef/cm?®) or more and 0.1 Mpa (1 kgf/cm?) or less, and further
preferably set at 0.001 Mpa (0.01 kegf/cm®) or more and 0.05
Mpa (0.5 kgf/cm?) or less.

As the crucible, an Al,O, crucible, S1;N, crucible, an AIN
crucible, a sialon crucible, a C (carbon) crucible, and a BN
(nitride boron) crucible, not contaiming impurities such as the
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clement Fe and posing no problem even in the inert gas
atmosphere can be used. However, it 1s preferable to use the
BN crucible, because the mix-in of the impurities from the
crucible can be prevented. Further, when the BN crucible 1s
used, B 1s mixed-1n from a part where the BN crucible and the
raw material are brought into contact with each other, even it
not adding a BN powder. In this condition, the emission
characteristic of the phosphor can be improved. However,
mix-in of B occurs at one of the part where the BN and the
crucible are brought into contact with each other. Therefore,
there 1s less improvement, when compared to the case where
raw material powder and BN powder are mixed and B 1s
mixed-in the whole area. Namely, by using the BN crucible,
B may be mixed-in. However more preferably the BN powder
and the raw material powder are mixed and B 1s mixed-in the
whole area.

After firing 1s completed, a fired object 1s taken out from the
crucible, and pulverized up to a predetermined average par-
ticle size, to thereby obtain the phosphor expressed by the
composition formula Ca, o3 AISIN;:Eu, ;56

When other element 1s used as the element M, the element
A, the element D, and the element 7, and when the amount of
Eu as the activator 1s changed also, the phosphor having the
predetermined composition formula can be manufactured by
the same manufacturing method as that described above, by
adjusting the blending amount at the time of mixing each raw
material to a predetermined composition ratio.

As described above, the phosphor according to this
embodiment the emission spectrum with an excellent excita-
tion band 1n a broad range from the ultraviolet to visible light
(wavelength range from 250 nm to 550 nm), and by this
phosphor, the light source of high output and further an illu-
mination unit including this light source can be obtained by
combining the phosphor of this example and the light emat-
ting part emitting the alforementioned ultraviolet to visible
light (LED light emitting element as will be described later
and a discharge lamp), because the emission intensity of the
phosphor 1s high.

Namely, by combining the phosphor of this embodiment
set 1n a powdery state with the light emitting part (particularly
the light emitting part emitting the light having the wave-
length range from 250 nm to 550 nm) by the publicly-known
method, various display devices and 1llumination units can be
manufactured. For example, by combining the phosphor of
this example and the discharge lamp emitting ultraviolet light,
the fluorescent lamp and the 1llumination unit and the display
device can be manufactured. Also, by combining the phos-
phor of this example and an electron beam generator, the
display device can be manufactured. Further, by combining
the phosphor of this example and the LED light emitting
clement emitting ultraviolet to visible light as the light emat-
ting part, the illumination unit and the display device can be
manufactured.

The 1llumination unit thus manufactured has the emission
spectrum with a broad peak 1n the range from yellow color to
red color (380 nm to 680 nm) and an excellent excitation band
on the longer wavelength side from the near ultraviolet/ultra-
violet, which 1s the range of the excitation light, to the visible
light (250 nm to 330 nm), and has an improved emission
intensity.

Particularly, in the white LED illumination obtained by
combining the phosphor according to this example, the phos-
phor of other color (such as yellow phosphor), and ablue LED
or an ultraviolet LED, the light emitting device exhibiting a
significantly preferable color rendering property having the
average color rendering index Ra of 80 or more, particularly
R15 01 80 or more, and R9 of 60 or more of the light emitting
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device can be obtained, by mixing the phosphors according to
the present invention under the correlated color temperature
of the light emitting device set 1n the range from 7000K to
2500K. Further preferably, when the light emitting device 1s
caused to exhibit the aforementioned color rendering prop-
erty, the blending amount of the red phosphor according to the
present invention may be 20% or less with respect to the
phosphor of other color. As a result, the blending amount of
the phosphor of other color can be gained, and this contributes
to obtamning the light emitting device with excellent color
rendering property having Ra set at 80 or more can be
obtained, without deteriorating the emission efficiency of the
yellow phosphor or the like.

EXAMPL.

L1

Comparative Example 1

As a comparative example 1, commercially available
Ca,N,(2ZN), AIN(3N and having the average particle size of
1.76 um), S1,N, (3N and having the average particle size of
0.774 um), and Eu,O;(3N) were prepared, and each raw
material was weighed to obtain 0.985/3 mol of Ca;N,, 1 mol
of AIN, 1/3 mol of S1,N_, and 0.015/2 mol of Eu,0O,, and the
raw materials thus weighed were placed i the glove-box
under the nitrogen atmosphere and mixed by using the mortar.
The raw materials thus mixed were put 1n a S1;N,, crucible,
and retained/fired for 3 hours at 1500° C. in the nitrogen
atmosphere, with pressure in the furnace set at 0.5 kgf/cm”.
Thereaftter, the temperature was cooled from 13500° C. to 200°
C. for 1 hour. Then, the raw materials were pulverized after
firing, and the phosphor expressed by the composition for-
mula Ca,o¢;AlSIN;:Eu, ., was obtained. Note that this
composition formula 1s estimated from the raw material used
and the blending ratio.

The phosphor thus obtained was wrradiated with the exci-
tation light of monochromatic light with 460 nm wavelength,
and the emission characteristic was measured. The peak
wavelength 1n items of the emission characteristics refers to
the wavelength of the peak where highest emission 1ntensity
1s shown 1n the emission spectrum by nm unit. The emission
intensity in the peak wavelength 1s shown by the relative
intensity, and the intensity of the comparative example 1 1s
standardized as 100%. Chromaticity x, y 1s obtained by a
calculation method defined by the JISZ8701. The boron con-
centration contained in a phosphor particle sample 1s the
value obtained by measuring by an absorption photometry.

The composition formula of the phosphor, an analysis
result of the boron concentration, emission characteristics
(peak wavelength, emission intensity, and chromaticity), and

powder characteristics (particle s1ze and specific surface area
BET) are shown 1n FIG. 1.

Examples 1 to 4

In the examples 1 to 4, the phosphor sample 1s manufac-
tured 1n the same way as the comparative example 1, except-
ing that the boron nitride BN (3N) 1s added as the additive
agent other than each raw material of Ca;N, (2ZN), AIN(3N),
S1,N,(3N), and Fu,O; (3N), and the crucible 1s changed from
the S1,N, crucible to a BN crucible.

Specifically, 1in the example 1, 0.1 wt % of BN powder 1s
added mm a mixed raw material (before {firing) of

Cag o3 AISIN,:Eu, 5. S1milarly, 0.5 wt % of the BN powder
1s added in the example 2, 1.0 wt % of the BN powder 1s added
in the example 3, and 2.0 wt % of the BN powder 1s added 1n
the example 4, respectively.
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In the examples 1 to 4 also, 1n the same way as the com-
parative example 1, the composition formula of the phosphor,

the analysis result of the boron concentration, and the mea-
surement result of the emission characteristics (peak wave-
length, emission intensity, and chromaticity) and the powder
characteristics (particle size and specific surface areca BET)
are shown 1 FIG. 1, and the relation between the boron
content and the relative emission intensity (the relative inten-
sity of the emission intensity of the comparative example 1 1s
defined as 100%) 1s shown 1n FIG. 2.

From FIG. 1, 1t 1s confirmed that by adding the BN powder,
the boron content 1s increased. Although the boron content of
the comparative example 1 1s not more than 0.0001 wt %, the
boron content 1s increased when the BN powder 1s added in
the examples 1 to 4, 1n such a way that 0.063 wt % of the boron
content1s obtained when 0.1 wt % of the BN powder 1s added,
0.170 wt % of the boron content 1s obtained when 0.5 wt % of
the BN powder 1s added, 0.310 wt % of the boron content 1s
obtained when 1.0 wt % ofthe BN powder 1s added, and 0.640
wt % of the boron content 1s obtained when 2.0 wt % of the
BN powder 1s added.

Also, 1t 1s confirmed from FIG. 1 and FIG. 2, by containing,
the boron, the emission intensity 1s improved. The emission
intensity 1s increased having a peak in the range from 0.15 wt
% to 0.35 wt % of the boron content, and 1s increased by
19.6% compared to that of the comparative example 1 with-
out BN addition. In addition, by containing the boron, the
peak wavelength 1s liable to shift toward the longer wave-
length side. Further, when the boron content 1s not more than
0.310 wt % (examples 1 to 3), the average particle size 1s
approximately the same as that of the comparative example 1
without BN addition. However, when the boron content 1s
0.640 wt % (example 4), the average particle size becomes
10.58 um, and two times of the size 1s obtained, compared to
the s1ze of the comparative example 1 (5.851 um) without BN
addition. From this result, in the phosphor containing the
boron 1n a certain range, 1t appears that the reaction 1s accel-
erated, and the emission 1ntensity 1s improved.

Examples S to 7

In the examples S to 7, in the same way as the comparative
example 1, the phosphor sample 1s manufactured by adding
fluorine calcium CaF,(3N) as an additive agent, 1n addition to
cach raw material of Ca,N,(2N), AIN(3N), S1,N,(3N),
Eu,0,(3N) explained 1n the comparative example 1, and fur-
ther by changing the crucible from the S1,N, crucible to the
BN crucible.

Specifically, 1n the example 5, 0.025 mol of CaF, 1s added
to the raw material, with which 1.0 mol of Ca, 54 AISIN;:
Eu, 4,5 1s obtained. In the same way, 0.050 mol of CaF, is
added 1n the example 6, and 0.100 mol of CaF , 1s added 1n the
example 7.

In the comparative example 1 and the examples 5 to 7, the
composition formula of each phosphor, the analysis result of
the fluorine concentration, the measurement result of the
emission characteristics (peak wavelength, emission inten-
sity, and chromaticity) and the powder characteristics (par-
ticle size and specific surface area BE'T) are shown 1n FIG. 3,
and the relation between the fluorine content and the relative
emission intensity (the relative intensity of the emission

intensity of the comparative example 1 1s defined as 100%) 1s
shown 1n FIG. 4.

It 1s confirmed from FIG. 3 that the fluorine content 1s
increased by adding CaF, powder. Although not more than
0.10 wt % of fluorine content 1s contained 1n the comparative
example 1, the fluorine content 1s increased when CaF , pow-
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der 1s added in the examples 5 to 7, respectively, wherein 0.40
wt % of the fluorine content 1s obtained when 0.025 mol of

CaF, powder 1s added, 0.80 wt % of fluorine content is
obtained when 0.050 mol of CaF, powder 1s added, and 1.70
wt % of tluorine content 1s obtained when 0.100 mol of CaF,
powder 1s added.

Also, 1n the same way as the case of the boron, 1t 1s con-
firmed from FIGS. 3 and 4, that by containing the fluorine, the
emission intensity 1s improved. The emission intensity 1s
gradually improved up to 0.40 wt % of the fluorine content,
and 1s decreased when the fluorine content exceeds 0.40 wt %.
Further, the emission intensity 1s improved having a peak at
0.40 wt % of the tluorine content, thereby showing 17.3% of
improvement compared to case of the comparative example 1
without CaF', addition. Further, by containing the fluorine, the
peak wavelength 1s liable to shift toward the longer wave-
length side. Further, when the fluorine content 1s not more
than 1.70 wt %, the average particle size was the same as that
of the comparative example 1 without BN addition. From this
result, 1n the same way as the boron, in the phosphor contain-
ing the fluorine 1n a certain range also, 1t appears that the
reaction 1s accelerated, and the emission intensity 1s
improved.

Example 8

By the method explained in this embodiment, metal Ca
with 99.5% of purity and 90 ppm content of the element Fe
was heated 1n the mitrogen atmosphere at 700° C., then the
metal thus heated was pulverized, and Ca,N, was thereby
manufactured. The content of the element Fe of the Ca,N,
thus manufactured was 60 ppm. The Ca;N, thus manufac-
tured and other raw materials are weighed to obtain the ratio
010.980/3 mol o1 Ca,N,, 1/3 mol of S1,N_, 1 mol of AIN, and
0.020/2 mol of Eu,O,, then mixed 1n the mortar and fired at
1600° C. for 3 hours with pressure 01 0.05 MPa in the nitrogen
atmosphere, and a red phosphor CaAlSiN,:Eu was manufac-
tured. During firing, the nitrogen 1s ventilated at 1.0 L/min. As
shown 1n table 1, the contents of the element Fe of the Ca;N,,,
S1,N,, AIN, and Eu,O, were 60 ppm, 20 ppm, 90 ppm, and 10
ppm, respectively.

FIG. § shows the emission spectrum of the phosphor pow-
ders manufactured by the example 8 and the examples 9 to 10
as will be described later and the comparative examples 2 to
4, respectively, showing the emission wavelength taken on
the abscissa axis, and the relative emission intensity taken on
the ordinate axis. In FIG. 5, the emission intensity of the
example 8 1s standardized as 1, and the relative emission
intensity of other example 1s obtained.

As shown by a thick line of FIG. 5, when the phosphor
powder of the example 8 thus obtained was 1rradiated with
monochromatic light of 460 nm wavelength, the phosphor
powder emitted red light having the emission spectrum with
a peak at 656 nm and a half value width of 50 nm or more. In
addition, as shown 1n table 1 and FIG. 6, the content of the
clement Fe, which 1s an impurity of the phosphor of the
example 8, obtained by chemical analysis, was 100 ppm.

The aforementioned FIG. 6 shows the relative emission
intensity to the concentration of impurity element Fe of the
phosphor manufactured by the example 8, the examples 9 to
10 as will be described later, and the comparative examples 2
to 4, wherein the emission intensity of the example 8 1s
standardized as 1, and then the relative emission intensity of
other example and comparative example 1s obtained.

Also, the table 1 shows the concentration of the impurity
clement Fe obtained by the chemical analysis of Ca,N,(2N),

S1,N,(3N), AIN(3N), and Eu,O,(3N), which are raw materi-
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als of the phosphor manufactured in the example and the
comparative example, the relative emission intensity of the
phosphor manufactured by the example and the comparative
example, and the content of the impurity Element Fe obtained
by the chemical analysis. The relative emission intensity of
other example and the comparative example 1s obtained by
standardizing the emission intensity of the example 8 as 1.

TABLE 1
PRODUCT
Fe EMISSION
Fe CONCENTRATION CON-  INTENSITY
IN RAW MATERIAL.  CENTRA- (RELATIVE
Ca,N, Si;N, AIN E,0, TION INSTEN-
(ppm) (ppm) (ppm) (ppm)  (ppm) SITY)
EXAMPLE & 60 20 90 10 100 1.000
EXAMPLE 9 27 20 90 10 R0 1.035
EXAMPLE 10 70 20 90 10 120 0.977
COMPARATIVE 230 20 90 10 260 0.895
EXAMPLE 2
COMPARATIVE 770 20 90 10 400 0.872
EXAMPLE 3
COMPARATIVE 1400 20 90 10 600 0.862
EXAMPLE 4

Example 9

As shown 1n the table 1, the red phosphor CaAlSiN;:Eu
was manufactured under the same condition as that of the
example 8, other than using Ca,N, raw material having lower
content of the element Fe than that of the example 8. The
contents of the element Fe of Ca,N,, S1,N_, AIN, and Eu,O,
used in the raw materials were 27 ppm, 20 ppm, 90 ppm, and
10 ppm, respectively.

When the phosphor powder thus obtained was irradiated
with the monochromatic light of 460 nm, as shown 1n a thick
broken line of FIG. 5, the phosphor powder emitted red light
having the emission spectrum with a peak at 656 nm and the
half value width of S0 nm or more. Also, as shown 1n the table
1 and FIG. 6, the content of the impurity element Fe of the
phosphor thus obtained by the chemical analysis was 80 ppm.

Example 10

As shown 1n the table 1, the red phosphor CaAlSiN,:Eu
was prepared under the same condition as that of the example
8, other than using Ca,N, raw material having 10 ppm more
content of the element Fe than that of the example 8. The
contents of the element Fe of the Ca,N,, S1,N_, AIN, Eu,O,
were 70 ppm, 20 ppm, 90 ppm, and 10 ppm.

When the phosphor powder thus obtained was irradiated
with the monochromatic light of 460 nm, as shown by a thick
two-dot line 1n FI1G. 5, the phosphor powder emitted red light
having the emission spectrum with a peak at 656 nm and a half
value width of 50 nm or more. Also, as shown 1n the table 1
and FIG. 6, the content of the impurity element Fe of the
phosphor thus obtained by the chemical analysis was 120
ppm.

In the next comparative examples 2 to 4, the emission
intensity of the phosphor was examined and compared to that
of the examples 8 to 10, when Ca,N, having more content of
the element Fe than that used as the raw material 1n the
example.

Comparative Example 2

As shown 1n the table 1, the red phosphor CaAlSiN;:Eu
was prepared under the same condition as that of the example
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8, other than using Ca;N, raw material having 230 ppm con-
tent of the element Fe. The contents of the element Fe of
S1,N 4, AIN, Eu,O,, which were other raw matenals, were 20
ppm, 90 ppm, and 10 ppm, respectively.

When the phosphor powder thus obtained was irradiated
with the monochromatic light of 460 nm, as shown by a thin
solid line of FIG. 5, the phosphor powder emitted red light
having the emission spectrum with a peak at 656 nm and a half
value width of 50 nm or more. Also, as shown 1n the table 1
and FIG. 6, the content of the impurity element Fe of the
phosphor obtained by the chemical analysis was 260 ppm.

Comparative Example 3

As shown 1n the table 1, the red phosphor CaAlSiN;:Eu
was prepared under the same condition as that of the example
8, other than using the commercially available Ca;N, raw
material having 770 ppm content of the element Fe. The
contents of the element Fe of S1,N_,, AIN, Fu,O,, which were
other raw matenals, were 20 ppm, 90 ppm, and 10 ppm,
respectively.

When the phosphor powder thus obtained was 1rradiated
with the monochromatic light of 460 nm, as shown by the thin
broken line of FIG. 5, the phosphor powder emitted red light
having the emission spectrum with a peak at 656 nm and a half
value width of 50 nm or more. Also, as shown 1n the table 1
and FIG. 6, the content of the impurity element Fe of the
phosphor obtained by the chemical analysis was 400 ppm.

Comparative Example 4

As shown 1n the table 1, the red phosphor CaAlSiN;:Eu
was prepared under the same condition of that of the example
8, other than using Ca;N, raw material having 1400 ppm
content of the element Fe. The content of the element Fe of
S1,N_, AIN, and Eu,O,, which were other raw materials were
20 ppm, 90 ppm, and 10 ppm, respectively.

When the phosphor powder thus obtained was irradiated
with the monochromatic light of 460 nm, as shown by a thin
one-dot chain line of FIG. 5, the phosphor powder emitted red
light having the emission spectrum with a peak at 656 nm and
half value width of 50 nm or more. Also, as shown 1n the table
1 and FIG. 6, the content of the impurity element Fe of the
phosphor obtained by the chemical analysis was 600 ppm.

Comparison and Examination of the Examples 8 to
10, and the Comparative Examples 2 to 4

It 1s found that from FIG. 6 and the table 1, the emission

intensity 1s drastically decreased when the content of the
clement Fe exceeds 200 ppm, 1n the phosphor powder manu-
factured 1n the comparative examples 2 to 4. This 1s because
the element Fe has a bad influence on the emission charac-
teristics as a killer element to largely deteriorate the emission
eificiency. Such an action 1s considered to be caused 1n such
a way that when the content of the element Fe exceeds 200
ppm, energy transier to the center of the light emission of the
phosphor powder 1s significantly interfered, and as a result,
the emission intensity 1s largely deteriorated. Accordingly, as
shown 1n the examples 8 to 10, by controlling the concentra-
tion of the element Fe 1n the raw material to be 200 ppm or
less, the concentration of the element Fe of the phosphor
powder 1s suppressed to be 200 ppm or less. Under this
condition, the energy transier to the center of the light emis-
sion of the phosphor powder 1s not interfered, thereby pre-
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venting the deterioration of the emission intensity. This con-
tributes to improving and stabilizing the emission efficiency
of the phosphor.

What 1s claimed 1s:

1. A phosphor, which 1s given by a composition formula
expressed by Ca, 5. AISIN;:Fu, 4., wherein a content of the
clement Fe 1s smaller than 200 ppm.

2. A manufacturing method of the phosphor according to
claim 1, comprising steps of:

cach of raw materials of the phosphor 1s weighed and

mixed,
the mixed raw materials are fired, and
the fired object obtained by the firing 1s pulverized up to a

predetermined average particle size,

wherein the raw materials contain 100 ppm or less of

clement Fe.

3. The manufacturing method of phosphor according to
claim 2, wherein a nitride of Group II element expressed by a
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general formula M;N, containing 100 ppm or less of element
Fe (where the element M 1s Ca) 1s used as the raw material of
phosphor.

4. The manufacturing method of phosphor according to
claim 3, wherein the nitride of group II element 1s manufac-
tured by nitriding a simple substance of 2N or more contain-
ing 100 ppm or less of element Fe 1n a mtrogen atmosphere or
in an ammonia atmosphere at the temperature of 300° C. or
more.

5. A light emitting device comprising the phosphor accord-
ing to claim 1 and a light emitting part which emits a light
having a predetermined wavelength, wherein the phosphor
emits a light having a different wavelength from the prede-
termined wavelength, using a part of the light having the
predetermined wavelength as an excitation light.

6. The light emitting device according claim S5, wherein the
predetermined wavelength 1s 300 nm to 550 nm.

¥ ¥ ¥ o ¥



	Front Page
	Drawings
	Specification
	Claims

